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Surgical repair of aortic atresia with a large ventricular
septal defect and a normally developed left ventricle was
accomplished in a 14month old infant. Palliative surgery
at age 23 days consisted of bilateral banding of pulmo-
nary artery branches and replacement of the ductus ar-
teriosus with a Goretex conduit. Corrective surgery was
accomplished by closure of the ventricular septal defect,
The prognosis of infants with aortic atresia and hypoplastic
left ventricle has generally been accepted as poor, with or
without palliative surgery (1-17). In spite of a recent report
(18), most centers remain reluctant to recommend surgery
for newborns with hypoplastic left ventricle syndrome. When
aortic atresia is associated with a normal mitral valve, a left
ventricle of adequate size and a large ventricular septal
defect, palliative surgery is recommended as subsequent
corrective surgery appears feasible (5,6,9,10,15,19-21).
Case
The patient, now a 2 year old black girl, was born weigh-
ing 2.4 kg after an uneventful full-term gestation, labor
and delivery. The infant appeared well until 4 days of age
when she became acutely distressed, her peripheral pulses
became impalpable and she developed severe acidosis. After
her transfer to Children's Memorial Hospital, the physical
examination revealed a severely distressed infant with no
palpable pulses or significant murmurs with a prominent
right ventricular impulse, a single second heart sound and
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insertion of a valved conduit between the apex of the left
ventricle and the subdiaphragmatic aorta, removal of
the pulmonary artery bands and division of the pul-
monary-aortic conduit. The patient has a mild coarc-
tation of the aorta and remains asymptomatic at 2 years
of age.
gallop rhythm. The electrocardiogram showed normal sinus
rhythm, normal axis, left ventricular hypertrophy and di-
minished right ventricular QRS potentials for age. The chest
X-ray film revealed mild cardiomegaly and increased pul-
monary vascular markings. The echocardiogram was con-
sistent with aortic atresia, a large ventricular septal defect,
a normally developed left ventricle and mitral valve and a
patent foramen ovale. After infusion of prostaglandin E
"both upper and lower limb pulses became palpable and a
harsh grade 3/6 systolic murmur became audible at the left
sternal border. The patient developed transient renal failure
and convulsions, presumably secondary to a period of low
systemic output before prostaglandin E, infusion. The in-
fusion was continued for 19 days until the first surgical
procedure. Cardiac angiography at 16days of age confirmed
the diagnosis of aortic atresia, hypoplasia of the aortic arch,
a large ventricular septal defect, left ventricle and mitral
valve of normal size, a patent foramen ovale and a large
patent ductus arteriosus supplying the blood flow to both
the ascending and the descending aorta (Fig. lA).
Palliative surgery. Palliative surgery at 23 days of age
consisted of bilateral banding of pulmonary artery branches
and insertion of a no. 8 Goretex conduit between the main
pulmonary artery and the aortic isthmus (Fig. IB). A com-
plicating factor noted at surgery was a discrete coarctation
of the aorta allowing no free communication between the
aortic isthmus and the descending aorta, except by way of
the patent ductus arteriosus. The obstructive ridge was ex-
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Figure 1. Schematic drawings of the original
anomaly andof two operative interventions. A. Aortic
(Ao) atresia before surgery. There are a large ven-
tricular septal defect (VSD) and large left (LV) and
right (RV) ventricles. The main pulmonary artery
(MPA) is continuous as a large patent ductus ar-
teriosus (PDA) with the coarcted segment of the
thoracic aorta (c). Arrows indicate direction of aor-
trc flow. B. After palliative surgery. which included
bilateral banding of the main pulmonary artery
branches. replacement of the patent ductus arteri-
osus with a conduit and resection of a discrete ridge
from the coarcted segment. C. After corrective sur-
gery in whichthe ventricular septaldefect wasclosed.
the main pulmonary artery branches unbanded, the
main pulmonary artery to aorta conduit divided and
a left ventricular apex to abdominal aorta valved
conduit (cond) established. there is residual mild
coarctation. D.Ao. = descending aorta; PAB
pulmonary artery banding.
cised and the dista l end of the conduit was anastomosed in
such a way as to straddle the coarcted segment. The patient
required ventilatory support for I I days and her condition
gradually stabilized; she was discharged on the 47th post-
operative day .
Clinical course. By 7 months of age , the patient was
mildly cyanotic and was progressing satisfactorily. An
echocardiogram at this stage revealed marked biventricular
and septal hypertrophy and reduced ventricular contractility.
The endocardium of the left ventricle appeared dense as
seen in endocardial fibroelastosis . At 12 months of age , she
Figure 2. Angiogram corresponding to Figure lB . Injection of
contrast medium is into the main pulmonary artery (MPA) with a
retrograde arterial catheter. The arrow points to the conduit. AoAr
= aortic arch; D Ao = descending aorta; LPA and RPA = left
and right pulmonary artery branches, respectively.
was markedly cyanotic . Her height and weight decreased
to below the fifth percentile for age. The hemog lobin was
24 gldl and the hematocrit 72%. There was a grade 3/6
ejection murmur at the upper right sternal border. The chest
X-ray film showed cardiomegaly (cardiothoracic ratio 60%)
and dimini shed pulmonary vascular markings. The electro-
cardiogram showed regular sinus rhythm , right atrial hy-
pertrophy , left axis deviation and mild left ventricular hy-
pertrophy. Retrograde cardiac catheterization and angiography
revealed severe pulmonary artery banding (Fig . 2) and a
systolic pressure gradient of 15 to 30 mm Hg across the
Goretex conduit between the main pulmonary artery and the
descending aorta, but none between the main pulmonary
artery and the aortic arch . In the angiogram, both ventricles
appeared large (Fig. 3) and showed good contractility (Table
I). The ventric ular septal defect was large.
Table 1. Ventricular Volume Indexes (volume [rnlj/m? body
surface area)
% of
Patient's Normal* Normal*
Values Values Values
Left ventricle
EDV 69. 2 52.3 132.4
ESV 24.5 14.8 166.0
SV 44.7 37.5 11 9.1
EF 0.645 0.7 16 90.1
Right ventncle
EDV 118.0 58.7 200.9
ESV 38.5 21.6 178.2
SV 79.5 37. 1 214. 1
EF 0.674 0.633 106.4
*Correction factors and normal standards from Lange et al. (22).
EDV = end-diastolic volume; EF = ejection fraction; ESV = end-
systolic volume; LV = leftventncle; RV = right ventricle; SV = stroke
volume
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Figure 3. Angiograms obta ined before cor-
rect ive surgery showing lateral diastol ic frame s
of the right ventricle (RV) and of the unusuall y
large left ventricle (LV) (132% of predicted
normal volume ).
Corrective surgery. Corrective surgery was performed
at 14 months of age (Fig. IC). Cardiopulmonary bypass
was performed by insertion of the arterial cannula through
the Goretex graft and by two right atrial cannulas . The large
conal ventricular septal defect was closed. The left pul-
monary artery band was released , whereas the right pul-
monary artery narrowing required patching . A conduit con-
taining a no. l4 Carpentier-Edwards porcine valve was placed
between the left ventricul ar apex and the infradiaphrag-
matic aorta. At the end of the procedure, the systolic pres-
sure was 20 mm Hg lower in the left radial artery than in
the femoral artery. The patient was discharged on a regimen
of digoxin and diuretic drugs on the 15th postoperati ve day
and has since grown and developed normally. She had an
episode of bacterial endocarditis at 2 years of age that was
eradicated with antibiotics.
A retrograde arterial left heart catheterization and angi-
ography (Fig . 4) at 27 months of age revealed a left ventricle
of normal size and contractility , a 20 mm Hg pressure gra-
dient in the proximal condu it (cons isting of two parts), a
10 mm Hg pressure gradient across the porcine valve and
a 15 mm Hg pressure gradient across the residual coarcta-
tion. The coronary arterie s appeared well perfused . No fur-
ther surgery is planned.
Discussion
Previous surgical experience. Indications for palliative
surgery for aortic atresia with hypoplastic left ventricle re-
main controversial at this time because long-term survival
has rarely been accompli shed (18) despite a variety of pro-
posed operations. Orthoterminal correction has been at-
tempted (Norwood et al. [12,l5], Doty et al. [8,14] and
Behrendt and Rocchini [16]), but so far has been successful
in only one case (18).
Figure 4. Angiogram after correct ive surgery
corresponding to Figure IC. A, Anteroposterior
view. B, Lateral view. A proximal rigid con-
necting conduit (CC) join s the apex of the left
ventricle (LV) with a valved conduit (V) which
is anastomosed to the abdominal aorta (AbAo) .
AAo = retrograde fillmg of asce nding aor ta; c
= coa rctation; rc = remn ant of ligated conduit
(see Fig. IB).
AbAo-
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When aortic atresia is associated with normal left ven-
tricular inflow (mitral valve) and a sizable outflow (ven-
tricular septal defect), the left ventricle is usually adequately
developed and surgical palliation with subsequent correction
should be considered. The aim of palliation is to reduce the
pulmonary blood flow and pressure (pulmonary artery band-
ing) and provide a stable systemic blood flow by either
pulmonary artery to aorta or left ventricle to aorta conduit.
Eventually, the ventricular septal defect is closed and a left
ventricle to aorta connection can be established in several
ways. Thiene et al. (10) have proposed a Rastelli type repair
by tunneling the left ventricle through the ventricular septal
defect to the pulmonary artery trunk, which communicates
by means of a surgically enlarged ductus arteriosus with the
aorta; the pulmonary artery branches are separated from the
trunk and are connected to the right ventricle by means of
an external valved conduit. No survivors of this type of
operative repair have been reported as yet. Norwood et al.
(15) reported a successful repair using a left ventricular apex
to thoracic aorta conduit (Sarnoff procedure [23]) and sub-
sequent closure of the ventricular septal defect. In stage I,
a no. 12 apical valved conduit was connected to the thoracic
aorta in a 3 day old infant, the main pulmonary artery was
banded and an interrupted aortic arch was bridged with an
8 mm conduit. At I month of age, the pulmonary artery
band was removed and the ventricular septal defect was
closed. The infant died at 14 months of age from an infection.
Surgical resultin present case. In our patient, we chose
the Sarnoff method (23) because it required the least re-
construction. We had been encouraged by the excellent
hemodynamic repair using a left ventricular apex to de-
scending aorta conduit in other patients with severe left
ventricular outflow obstruction. Coarctation of the aorta,
commonly associated with aortic atresia (17), was not re-
paired and the patient now has a reversed mild systolic
pressure gradient (20 mm Hg) across the narrowed segment,
but is nevertheless doing well 10 months postoperatively.
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